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Unlveraltyv of Callfornla
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Summarv

Rerearch on Compact Tornld (CT) conflgurarlons has
heen greatlv acceserated In the last few vears because
of thelr potentinl for providing a practlcal and
cconomleal fuslon svstem. Los Alamos reacarch {8 belng
con.entrated on Two tvpes of conflguratlons:
1Y mapnet [zed=pun-praduced Spheromaks (configurations
that (ontaln a mixture of toroldal and poloidal
flelds), and 2) fleld-reversed cnnflgurations (FRCs)
that contaln purelvy poloidal magneclc fleld. Thir
paper  descrihes  the desiin of FRX-C, a fleid-reversaed
thera plnch used to form FROs,

Resuits tror previous FRX-A and FRX-B  experiments
demorstrated the farmation  and stabhle confinement of
FRC. for manvy Aiféen  transit  tlmes, The 11frtime
appeated to he  Limited by the poor confinement
resultine trom the regatlvely small slze of the ecarller
oxpet iment s, Thus  FEX-0© s  a svstem twlee as larpe
(vlpbt times the volume) desipned to test the scaling
! cont Inement and atabliley wlith klze owver a
sivniticant ramge of plakma temperatne and denkltvy,

System Descviption

To provide the vequlred Fo, the theta-pinch ool
af  FRY=" has twe teeds,  Vortage s applied at o
from the vevtloar with "pull tal et
shown o Flye 1o Mhe coil Is 4% cm .,
1o i,
The  overaltl dimensions ! the coltector plate asseombyy
Ae "N Emetere by Do met s, e discharpe tohe I

wing'" mhaped
piates,  as

and M oom dn penptl, giving an Inductance of

aoom ogde aml VL meters pony,

under t he
Uuty Department ot Fnerpwy,
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Flpure 1
tal b Winp" topiector Plare

For the Initial operatlon, the maln bank, Flg. 2,
consiats of 140 capacitars, each having 2.8 uf and
rated at 60 kV. At the anticlpated maximum operating
voltage of 55 kV, the maln bank energy Is 600 k1. Fach
capacltor Is nAwltched uslng a Scvllac=-tvpe, four
element cascade wpark wswltih with a ferrite loaded
"pIggy back™ crowbar switch,? Risetime of the maln hank

cwmrrent Ise ~ 5 usec  and the crowhar decav tlae (s
~ 300 un,
The reverse bhlas fleld, neceskary for FRC

productlon, If powered by a 10 kV, 510 kT capacltor
hank. Initlal operatlon has heen with 60T af the bank,
and results tn a visetime of 116 user. The full blas
bank 1a capable of generating a reverse blas of 5.0 kG
maximum,

For  'niltlal apcration, plasma produc tlon has heen
Inltlared by a 75 kV, 3 kI theta-plneh  prelonlzat lon
(P1) capacitor bank that has 2 ringlnp frequency of
200 kHz. This P1 ban¥ Is capahle of an ampllitude
sulticlent to hrlng the fleld of the blas bank back ta
zeva At vhe peak of the firet cvole when the hlas feld
Ie & 2.5 ki, A few tens of kllowares at W6 MHr s
applied to antennas near the ends of the discharpe tube
ta penerate an 1,00 discharvee prior to Inltiation of
the theta-pineh P wavetorm,

Clreutt hescriprion
Sevlba

Component s used [n
PT=60 exper bnent s,

The clroult tor FRX=C was deslpned
technolopy’  for  the  tast  hanks.
condtruc tlon were from Scvilac ang
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Flgure 1
Schematlc ot Maln Bank Trigper Svetem

Flgur~ 1 ahows a block diagrm of the maln bank
capacltor and trigger svstem,

Two tvpes of cable cartridges were used to connect
the cabies from the capacliror hank tn the collector
plate. One tvpe of cartrldpe connects half of the bank
fevding voltage to the lower slde of one gull wing, and
the other tvpe connects the other hall of the bhank
feeding voltape to the upner slde of the other guil
winp. It Is In this manner the capacltor bank voltage
s doubled around the c¢oll when the capacltors are
d!scharged, and permirs operatlon with the charge
polarity on all of the maln bank gaps which plves the
widest window of operating conditions,

Advant wes of  such  an  arrangement are that all
capacltors In the maln hank can be charped to the wsame
potentiat, and o common trigper svetem can he used @ith
Oonivoane mase ey opap, The  dlsadvantape Is that
proumding hecomes o problem. The prounding prohlem has
heen salvea by dicotating ("¢ ecapacltor racks from
atlowing  the racks to "tloat" to some
potantial hetween pround and  hank  valtape. Further,
the colr pround  hax  been deflined by a pround strap
reometrically halfway hotween the teed  slots, At the
hattom of the coly as ahown {n Flp. 3.

proend  and

The  tripper svstem for the maln hank I« patterned

attor Sevidac and conslats of  elpht  submanter (SM)

[OF RIS cach  trdppering 10 or 20 maln bank  mtart
swlto hex. The enerpy wourre for each submastor
contdste  of  ten wource  cables uked  an capacitors

CL002 af tar each 8M),
cables theowph darpe

By pulrke  charglng  the  source

fndudc tors (ROD i) from & .7 ot

pulee charpe capac ltor, the source cahles will charpe
to 1.F times the voltape on the 7 pf capacitor,
Voltapge on the ammce cabhlor  voeache..  about 100 k\,

Pecanse Looamd 0 of the SM clreult are small, the
tiipper pulse for telppering the main hank  mpark  gaps
vino veay  rapldly (10 kV/pe)  with
Rimoiltanely,

excellent

A slnele manter yap with a wimlia pulne  charpe
clveaft I ased o0 tedpgper the SM paps, Vith thix
citeubt, the pulae voltape Is LR timen the voltage on
les  pulue charge capac ftor (more near the theoretleal
Timiv of 2.0, Me pulue voltape on the manter  gap
dut ing operation {a 10 kV,

Risetlme for pulse chargling both the master and SM
gaps 1ls on the order of 7 us. The "timing window" for
correctly flring the master is long enough, ~ 2 us, so
that timing does not present a problem.

Triggering of the ferrite-loaded
requires considerably more energy than triggering of
the maln bank gaps. Flgure 4 shows the crowbar trigger
capacltor bank, whlch conslsts of 16 capacitors, each
rated at .7 uf and 75 kV. Since crowbarring of the
maln bank 18 critical to the health of the machine, a
redundant trigger mystem I8 used. Failure to crowbar
the maln bank can be potentlally serlous since the
result may be: decreased life of meln baak capacirors,
damage to Insulatlon, or worse, a shattered diacharge
tube. The crowbar (C/BR) master gaps are dc charged hy
separate power supplles and each has [ts own trigger
system. As shown, each CB master ¢triggers half the
crowhar gaps on each nlde of the collector plate. In
the event cf one C/B master falling, the oniv
consequence [s a poor.v crowhkarred waveform of the m:
bank,

crowbar gaps

Sequence of operatlon for maln hank operatlon Is
as follows. Trigper Marx unlts, pulie unlts, master
and SM capacltors, and maln bank capacitors are charged
to thelr vrespective dc¢ voltages. Two mecond. after
charging of the capaclitor hanks Is complete, optlcal
slipnals Initinte an H.\. pulse to hegin pulue charglng
of the SM and master paps. Seven micronseconds  later,
at peak pulse charge, an optlcal slgnal starts a pulser
unit to trigger the manter gap., Within a few tens of
nanoseconds, the primarv gaps hegln to carrv current.
About 5 usec later, at peak main bank current, the
crovhar  gaps cloge and Isolate the load coll from the
maln bank. Current In the load then decavs  with Its
characteristle L/R decav time,

Fxcept for trigeering, the theta=plneh PI hank i«
Ildentlcal to the crowbar bank: 1b capacltors are  usel!
rated at .7 of and 75 kV for a total hank eperpy of
1 k). Schematics for hoth the theta=plinch I'T and bilas
banks  are also shown  In Flp. 5. The theta=pinch Pl
bank Is legs Llkelv to experience the severe FMI Ot hat
the maln bank and trigper svstem lmpose on the crowha
bank, Tt s wmino less coriltleal 1t it does  not
discharpe, Therefore  only a gforle P master pan s
uded to tripper the bank. Thas  tar the P band [
[ndeed mare rellablie than the cr o wbhar bank.

Flyore 4

Schematls ot Coowbar Trlpper Svutenm
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Figure S
Theta pinch PT and Blaw Schematic

Computer Control and Diagnostic Svstem

In FRN=(", as In ather recent lLos Alamos
experiments, e.n., Scvila IV=P, and ZT-40, eperation Is
completely compurer=control led, The operator rarelv
does more  than modifv  software to operate different
capaclror banks after inltlal set up Ik complete, Bv
monitaring  Important  fearares of the experiment nn a
computer terminal, Flp. 6, the experlenced operator s
abhie to eftect proper operation of the machine,

A binck dlayvram of the computer control sveter [k
shown In Flp, 7. Since the computer control <vetem was
Prime 100 computer has  heen completesy
dedicated to machine operatlon, A Prime 4 eampurer
"owlto the mavnetlzed pun experiment fopr bank
diapnost ics and data reduct jon.

deslned, a

Is ahoa.

Flpure 6

e b Tad Lol

Flgure 7
Block Diagram of Computer Control Svstem

With recent advancer In  flher optl
the computer ¢an be housed In an FMI=shlelded room and
be coupled to the outside onlv vy tlber optles, Tor
protect CAMAC,  A/D converters, and  other dejloatre
eclectronic  equlpment, output slpnals pa to the
nlph=voltage expevimental AT onlyv  after helny
huffered bv a 24 V to 24 V relav svstem, fllitered, or
haoth, or transmitted optlcallv, Input slpgnals fiam the
experiment are elther flitered or buftered. Carefu
conslderatlon was plven tn erounding the mackine o
avold translents, The  proamd  plane  Is thed [
utllilties pround at one point ontv and has "arms” which
radlate trom that ane point to deoar wlith the probhjer o
ground loops.

technolopy,

To  Insure  that  the banks have spevated praperv
Irom shot=to=-shot and ta ald In troubie  shooting  when
tallures accuar, a svstem of dlapnost les (s used tar the
capacltor hank slenale, Lavs, Al
charging voltages and vacuum and satety Interiocks, ape
monitored by the computer, Anvt ime  one ot
slpnals falls out slde predetermined  pdmite]  the
comrater wlhil follow an abart sequen e and o Ghuat the
hivh-voitaer
Capure it

KVstom, Clow

Hystem down | safely  discharsinp aald
svstems, Most of the sipgnals Trom
hanke  are monltored during  the
opetator who can mamiably InJtiare an abhort sequen e,

chare oy
charee ovede by the

Faut alpnnls, oo, dischmping of capacltor band o«
inte  thely
and current probes,

rorpectise loade, gre mepttared b vl
Flpure K phiaws the dlacharpling ot
pualse chavped SM oand master paps, crowbar papae, amd the

tewulting slpgnal from the B-fleid probe In the calr,

Arlpniflioant new featave [n hank dlapnas low hae
heen  added  to FRYX=(, a pap monltor svatoemr,
alwave been a requiremenst to know  the

MTere haw
performam e ot
each malr bank capacltor aa Tten encrpy (s oswitohed tn
thy loan,  RBecause of costa and technloal dEEE Lot e
attampta pt monleoringe e h pap o oa Larpe
capac ltor hank wvatem have heen lenn than
The gap moultom
loaps to detect cunrent 1o one ot the daad cables fTroe
vach maln bank  capacitm, An A conver o namples
wignala from ecach loop everv o, When  main hant

previoun
wmipecewsful,
avatem conalsts of mhiletded Ropowal |

rhotn are analvzed, the computer shows the peytormance
ol all of the gaps on one displav. Al thouph
wtepn  anly  plve  grasn Inddcation ot pevformance, ome
tan, At a plance, dotermine the peneral quallty of o

mhot  and  the  wapec it

wampl Iny

pertormance ot one capa lton,
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Flpure 8
Master, Submaster, and Crowbar Trigger
Monitonr Pulses and Maln Bank Waveform

Avatem has
avatem, hank

From earlv results, It appears that such a
been  developed for FRX-C. With this
operatlion and malntenance will bhe Improved.

A number of plasma phvelcs dlagnostics are  als:
incinded, It Is bevond the scepe of this paper to
discuss them but It Is sufflctent to 8oy that  slpnals
from these diagnostles are fed te A/D converters then
to a Prime 400 computer for data
st =hv=ghot With this
parameters of opevation can be
current resal? and,  thuu,
nperatlon can he aptinmlzed.

reductlon on @
capabllitv, the

chanpged  accordlnpg  to
machine (and  physlos)

hasis,

Fut e Operat lon

T the near terr,
Ialelating  «
hlas  svater will  he

a 7=plnct, PI gvatem  capable  of
discharpe up to the 5 kG Limlts of the
Installed, This Hvstem wlll]
rrovide a1 ke half=perlod, 100 kA current pul se
Intao the Ye=cmrent drlve REvUC ture (estimared
Tadae tanc v 1. iy, The electronlos of thls svatem
have heen assembled and tested, Limlted desipn  work
and - powen Installation have been performed to
allow for the Inciusion, it Indloated by exper Imental
tesulty, ut multipnle fleldn  and  driven
nlivor.,

saupply

VRY =0 [ none of two expetimental machineas In the
CTY facddlty ot Loa Alamos, A anlque fteature of the
CTY tacliity de the LS m diameter  vecuum
encdosed by jor ke de mapnet e tleld col'e to bhe ghaved
by hoth experimenta, as ahown In Flg, 9,
Inftial  FRC studlen,
transtation of the FRO compact toralds geuerated In the
theta=planeh ool thyouph a teamrition fleld to the
caree trapping and contaloment vensel (CTX tank). " Wil
thi faclilty, continement . heat Ing wtadles  on
Cl-tepe pladmas can he dane Inoa mtatlc magnet e Held.,

vedyr |

In ahout  two

Ve, atter prann inclade

Flgure 9
Machine Lavout In CTX Facllitv
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